We have recently shown that the porcine aorta releases immunoreactive endothelin-1 in a time-dependent way. Here, we examined the inhibition by atrial natriuretic peptide (ANP) and brain natriuretic peptide (BNP) of endothelin-1 secretion after stimulation with angiotensin II (Ang II) by using porcine aorta. Ang II thelin-1 in a time-dependent way. Angiotensin II (Ang II) stimulates endothelin-1 secretion from cultured bovine endothelial cells by a receptor-mediated process.14 On the other hand, ANP and BNP may act as physiological antagonists to the renin-angiotensin system in the regulation of vascular tonus and fluid homeostasis. So, this study was designed to elucidate whether the ANP-BNP system would interact with endothelin-1 secretion in the endothelium through the renin-angiotensin system. We examined the effects of porcine ANP-(1-28), rat ANP-(5-25), which is much weaker (2%) in vasorelaxant and natriuretic-diuretic potency than rat ANP-(1-28), and porcine BNP-26, the major secretory form of BNP in the porcine heart,'7 on the endothelin-1 secretory response to Ang II in porcine aorta. Furthermore, using cultured porcine endothelial cells, we examined the relation between the inhibition of immunoreactive endothelin-1 secretion by ANP and BNP and the level of cyclic guanosine 5'-monophosphate (cGMP) in cells stimulated by Ang II.
trial natriuretic peptide (ANP) is a diuretic, 4~natriuretic, and vasodilatory peptide hor1k mone originally isolated from mammalian hearts.1 A novel natriuretic peptide, brain natriuretic peptide (BNP), has been identified in the porcine brain2 and later isolated from mammalian hearts.34 BNP has diuretic, natriuretic, and hypotensive effects and also relaxes the chick rectum, as ANP does.2 Both ANP and BNP may regulate vascular tonus and fluid homeostasis as cardiac hormones.
Endothelin-1, a peptide of 21 amino acids that is produced by vascular endothelial cells, is a contractile agent. 5, 6 This peptide is present in human plasma and is at high levels in patients with acute myocardial infarction,7 uremia,8 or severe hypertension.9 This peptide is thelin-1 in a time-dependent way. Angiotensin II (Ang II) stimulates endothelin-1 secretion from cultured bovine endothelial cells by a receptor-mediated process.14 On the other hand, ANP and BNP may act as physiological antagonists to the renin-angiotensin system in the regulation of vascular tonus and fluid homeostasis. So, this study was designed to elucidate whether the ANP-BNP system would interact with endothelin-1 secretion in the endothelium through the renin-angiotensin system. We examined the effects of porcine ANP-(1-28), rat ANP-(5-25), which is much weaker (2%) in vasorelaxant and natriuretic-diuretic potency than rat ANP-(1-28), and porcine BNP-26, the major secretory form of BNP in the porcine heart,'7 on the endothelin-1 secretory response to Ang II in porcine aorta. Furthermore, using cultured porcine endothelial cells, we examined the relation between the inhibition of immunoreactive endothelin-1 secretion by ANP and BNP and the level of cyclic guanosine 5'-monophosphate (cGMP) in cells stimulated by Ang II.
Materials and Methods

Preparation of Porcine Aortic Strps
The experiment was done with strips of adult porcine thoracic aortas as previously described.'5 Protocol 1 (porcine aorta). Aortic strips were suspended in a 50-ml polypropylene tube filled with 30 ml serum-free DMEM that contained penicillin (100 ,ug/ml), streptomycin (50 ,ug/ml), and aprotinin (500 kallidinogenase inactivator units/ml). Ang II, ANP, and BNP were dissolved in distilled water, and then these agents were added to the medium (except for the control preparation) in a volume of less than 0.2% of the medium. Both control and treated media with aortic strips were maintained at (Table 1 ). The culture medium was removed, and the cell monolayers were washed twice with serum-free DMEM. Ang II, ANP, and BNP were added to the medium in a volume of less than 1.0% of the medium, and both control and treated cultures were incubated for 4 hours at 37°C. All incubations were done in 2 ml serum-free DMEM. After the incubation, the medium was aspirated and centrifuged at 3,000g for 15 minutes and stored at -80°C until the time of radioimmunoassay. A 1.5-ml sample was used for the measurement of immunoreactive endothelin-1.
Protocol 3 (effect of ANP and BNP on Ang II binding). Confluent porcine endothelial cells grown in six-well plates were washed twice with 2 ml DMEM containing 0.2% bovine serum albumin. The changes with time in total 1251-labeled Ang II binding were monitored by exposure of cell monolayers to the buffer described below containing 5 x 10-10 mol/l 1251-labeled Ang II at 37°C. At specified times, the cells were washed three times with fresh, ice-cold assay buffer and solubilized in 0.2 mol/l acetic acid (pH 2.5) containing 0.5 mol/l NaCl for 6 minutes at 4°C to extract only surface-bound ligands without damaging the receptors or to extract internalized ligands. 19 The radioactivity was counted.
Competitive displacement experiments were done by incubation with 5 x 10-10 M 1251-labeled Ang 12 .6%, and the intra-assay variation was 7.1%. cGMP Measurement After a first incubation, the cell monolayers were washed twice with serum-free DMEM and then stimulated as reported previously18 for 30 minutes with different concentrations of ANP or BNP dissolved in DMEM that contained 0.5 mM IBMX. Rapid aspiration and the addition of 2 ml ice-cold 65% ethanol stopped the reaction. cGMP levels were measured with the cGMP assay kit.
Calkulations and Statistical Analysis
The statistical significance of differences in the results was evaluated by unpaired analysis of variance, and probability values were calculated by Scheffe's method (Wallenstein et a120). Values were expressed as mean±SEM.
Results
Effects ofAngiotensin II on Immunoreactive
Endothelin-l Secretion in Porcine Aorta
Ang II stimulated immunoreactive endothelin-1 secretion in a time-dependent way ( Figure 1A . Porcine ANP-(1-28) and porcine BNP-26 strongly inhibited such secretion. The effect was dose dependent. (Figure 4) . Acid was used to extract surface specific binding, which was more than 55% of total binding at any concentration of`LP-labeled Ang II tested and less than 2% of the total radioactivity added in the incubation medium. Surface specific binding was saturable and time dependent at 37°C, reaching an apparent equilibrium after 15 minutes ( Figure 4A ). Ang II binding was then analyzed with 15 minutes of incubation. In competitive-binding experiments,`PI-labeled Ang II was displaced by unlabeled Ang II in a dose-dependent way ( Figure 4B ). Neither ANP (10-6 M) nor BNP (10-6 M) Figure 4C ).
Discussion
Here, we confirmed that Ang II dose-dependently stimulates immunoreactive endothelin-1 secretion in the porcine aorta as well as in cultured endothelial cells and found that porcine ANP-(1-28) and porcine BNP-26 strongly inhibited immunoreactive endothelin-1 secretion in porcine aorta after stimulation with Ang II. The concentrations of porcine ANP-(1-28) and porcine Endothelin is a potent secretagogue for ANP and BNP in atrial myocytes.'0-13 Therefore, there may be cardiac-endothelium feedback. Interactions between the ANP-BNP system and the renin-angiotensin system in the endothelium may contribute to the regulation of vascular tone.
